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Indonesia is one of the largest emitters of mercury from artisanal and small-scale gold
mining (ASGM), which frequently occurs in ecologically sensitive areas. Obi Island,
North Maluku, is particularly vulnerable due to its remote location, small size, and high
biodiversity. Unsafe mining tailings deposition further intensifies environmental and
social risks. This study aimed to assess the extent of mercury contamination around
ASGM as a baseline for future rehabilitation and remediation, integrating physical,
chemical, and biological approaches. The study area was categorized into six site types:
forest, semi-cultivated field, depositional zone, swamp, new mine, and old mine.
Disturbed and undisturbed soil samples were collected in triplicate for analyses of
chemical and physical properties. Ground-dwelling invertebrates were sampled using
pitfall traps, while water samples were collected across the spatial gradient for mercury
analysis. Data were analyzed using Analysis of Variance (ANOVA) and Tukey’s HSD.
Soil invertebrates were identified, and diversity indices were calculated using the SPADE
program. Results indicated that ASGM activities significantly altered soil
physicochemical properties and caused severe mercury contamination. Total Hg in soil
peaked dramatically at 18.37 mg/L in active mining zones and 18.35 mg/L in downstream
swamps, contrasting sharply with the pristine forest background level of 0.18 mg/L.
Similarly, surface water analysis revealed substantial mercury loading, reaching a
maximum concentration of 0.089 mg/L in the swamp site type. Moreover, distinct
differences were observed in the composition and diversity of soil invertebrate orders and
families across sampling locations, highlighting the pervasive ecological impact of
ASGM on vulnerable island ecosystems.

1. INTRODUCTION

mercury originating from ASGMs, despite its plan to cease the
use of mercury in ASM by 2018, especially because the

The use of mercury in artisanal and small-scale gold mining
(ASGM) in the separation of gold is one of the largest sources
of mercury emissions globally, contributing 37% of mercury
emissions to the atmosphere from different anthropogenic
sources, which is the highest of all sectors [1]. Around 20% of
the global gold supply is sourced from ASGM [2], and the
operation has been known to drive deforestation and land
degradation [3-5] and negatively impact soil and water quality
[6, 7]. As a business that is primarily driven by poverty [8-10],
ASGM has been widely proliferating, especially in regions of
the Global South where gold is abundantly found, many of
which operate as an “informal” mine, or without a license,
causing difficulties in controlling mercury usage [11, 12]. In
Indonesia, the location of one of the world’s largest gold
deposits [13], more than 1200 ASGM hotspots were recorded
in 2017 [14]. Indonesia remains one of the largest emitters of
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increase in domestic mercury supplies has allowed small-scale
miners easier access to mercury [15]. Various ASGM sites in
Indonesia showed very high levels of mercury contamination,
which is significantly higher than the threshold allowed by the
Indonesian government, which is 0.3 ppm for mercury in
category 2 of hazardous and toxic waste and 144 ppt for
ambient water [16, 17]. Mercury from Indonesian ASGM
spots pollutes soil [18-21] and water [22, 23], directly and
indirectly affecting the ecosystem and the health of the people
living in the vicinity [24, 25].

ASGMs in Indonesia are also typically located in
ecologically sensitive areas where the ecosystems are mostly
pristine and host valuable biodiversity. Obi Island is inherently
prone to disturbances because of its small size, remote
location, and rich biodiversity [26]. For example, it is the home
of the very rare endemic butterfly Obi Island Birdwing
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Ornithoptera aesacus, which is classified as Vulnerable in the
IUCN Red List of Threatened Species due to the habitat’s
continuing decline [27]. In addition to hosting more than 300
ASGM pits, the island is also the site for several other valuable
minerals, such as Fe, Ni, and Co, all of which have been
exploited at both small and large scales [26]. Artisanal gold
mining, typically operated by locals using a shallow shaft and
traditional tools for the excavation, has been taking place since
as early as 1995, using the rather conventional extraction
method involving a two-stage process of whole-ore mercury
amalgamation and cyanidation [28]. Similar to many ASGM
hotspots in Indonesia, the unsafe deposition of tailings
practiced by Obi’s miners is potentially hazardous to them,
their families, and the surrounding environment, either from
mercury contamination or other hazardous substances
involved in gold processing.

The traditional practice, with a lack of safety standards, as
well as improper disposal of tailings, poses a danger to the
health of miners and the community living near the mines,
especially children, from occupational exposure, mercury
inhalation, and the use and consumption of contaminated
water and food planted in contaminated soil [9]. Additionally,
as a coastal society on a remote island relying on fisheries
resources, the Obi inhabitants are also at risk of mercury
exposure accumulated through the food chain [29, 30].
Research has shown that ASGM workers and people living
near mines have high levels of mercury in their bodies [28,
31]. In addition, deforestation in the hilly area of the island to
establish the mining complex had a compounding effect on
soil loss due to erosion, and the sloping topography
accelerated the contamination’s downstream spread to the
coastal village area and the sea. A high level of mercury
contamination from ASGM located in a similar setting reaches
marine environments [32].

These problems reflect the interconnected vulnerabilities of
Obi’s residents: socially, environmentally, economically, and
physically. Similar to many other ASGMs in Indonesia, where
mining is either the main livelihood or a significant source of
income [33], people in Obi Island mainly worked as miners or
in mining-related jobs, thus relying heavily on the industry.
The island’s remoteness and size intensify its vulnerability to
climate change.

However, ASGM mercury risks are severely multiplied
within small-island ecosystems due to their limited geographic
areas, steep hydrological pathways, and low environmental
buffering capacities. These micro-scale environments
geographically compress the distance between upland mining
pits and sensitive downstream vectors like freshwater streams,
mangroves, and marine fisheries. Consequently, heavy rainfall
drives rapid, unmitigated transport of unsafe tailings and
mobilized mercury directly into local drainage systems. This
accelerated land-to-sea transport loop intensifies the
contamination of localized food chains and directly threatens
endemic biodiversity.

Despite these critical dynamics, integrated empirical data
linking localized tailings deposition to broader environmental
indicators in small Indonesian island settings remain severely
understudied. Therefore, this study assesses the ecological
impacts of ASGM tailing practices on Obi Island using
physical, chemical, and biological measures. Specifically, we
address three critical questions: (1) whether tailing deposition
changes soil physicochemical properties across site types; (2)
whether mercury spreads across the spatial-hydrological
gradient downstream; and (3) whether ground-dwelling
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invertebrate diversity reflects these localized soil disturbances.
This research establishes a vital baseline for risk-based
remediation and land-use planning in highly vulnerable small-
island settings.

2. MATERIALS AND METHODS
2.1 Study site

Data collection took place in Obi Island (1° 21’ 44.34" S,
127°43'44.01" E), South Halmahera, North Maluku Province,
Indonesia (Figure 1). Obi is a small island with an area of 2542
km? located south of the larger Halmahera and roughly
midway between Sulawesi and New Guinea. It has an
undulating topography, characterized by a rough, mountainous
interior, with steep valleys and irregular coastline that only
flattens on its eastern shores. Much of the island is
consequently unsuitable for dense settlement or intensive
agriculture, leaving the presence of humans to encompass the
pockets of flat land on the coasts—a limited number of
settlements and nutmeg, clove, and coconut plantations, along
with the ASGM in the north. The lone exception to this relative
sparseness is the large nickel extraction and processing area on
the western end of Obi, which covers at least 11,550 ha (4.5%
of the island). Owing to the global push for renewables, this
mineral-rich area has undergone rapid expansion in recent
decades, transforming it into an industrial hub that now
dominates the region’s economy.

2.2 Data collection

Data were collected from an ASGM in Anggai Village, the
main ASGM location in Obi Island. The study area was
systematically divided into six distinct zones based on their
specific site types, history, primary disturbance type, and
location within the watershed (Table 1). The study sites
constitute a contiguous spatial and hydrological gradient from
uphill to downstream. The forest is the pristine, elevated
baseline control at the highest topography without mining or
tailing exposure. Directly below it is the New Mine and Old
Mine, active mining zones with high-intensity disturbance,
where mechanical excavation and ore-processing complexes
are located. The effluents and processing waste from these
high-operation centers flow by gravity and via surface runoff
during heavy rain. This hydrological transport flows into
immediate downstream accumulation sinks, sequentially
through the swamp (moderate tailings exposure) and the
depositional zone (high-intensity tailings exposure, where
sediments accumulate heavily). Finally, the gradient leads to
the semi-cultivated field, a low-exposure downstream zone
that is periodically inundated by tailings during the rainy
season.

Field sampling of soil, ground-dwelling invertebrates, and
water matrices was conducted strategically in September
2023. This period fell within the transitional season,
characterized by moderate rainfall, averaging 173 mm per
month. During the sampling window, the active ore-
processing facilities at both the new mine and the old mine
were operating at standard production capacities, maintaining
continuous tailings discharge into the uphill dumps.
Consequently, the downstream swamp and depositional zone
were captured under steady-state hydrological conditions,
providing a baseline that reflects representative environmental
exposure levels prior to peak monsoon-driven flushing events.
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Figure 1. Study site and sampling distribution at Anggai Village, Obi Island, North Maluku, Indonesia

Notes: The map illustrates the contiguous upland-to-downstream spatial-hydrological gradient.

Table 1. Site types classification, disturbance regimes, and spatial-hydrological links

Description

. Primary Disturbance Spatial & Hydrological
Type of Site Regime Context
Forest Control (No Exposure / No {“oo?ti: ?: thz l:t}rg::;:
Disturbance) pography, up
baseline.
High-Intensity Mining Elevated upland center;
New Mine Disturbance (Active Ore primary source of downhill
Processing) effluents.
High-Intensity Mining Elevated upland center;
Old Mine Disturbance (Active Ore primary source of downhill
Processing) effluents.
Moderate Tailings Exposure T.he m1d-slope catchmer}t
Swamp . directly receives downhill
(Downstream Sink) .
runoff from mines.
Depositional High-Intensity Talllngs Low-ly%ng topqgraphlcal
Zone Exposure (Primary depression; main trap for
Accumulation Sink) mobilized sediment.
Semi- Low/Periodic Tailings Terminal lowland zone;
cultivated Exposure (Distal subject to seasonal
Field Downstream) hydrological transport.

The naturally vegetated area in the upper part of the
research location has never been used for mining
activities.

Active ore-processing complex using whole-ore
amalgamation and cyanidation facilities; in operation
since 2005.

Older active ore-processing complex and amalgamation
facilities; in operation since 1999.

Downstream area of the tailings dumps, containing trees
and shrubs; the soil is waterlogged to semi-solid.

Depositional zone at the downstream of the mine where
tailings directly accumulate; sparsely vegetated mostly
with shrubs; soil consisting of heavy tailings sediment.
The distal downstream area is planted with crops
interspersed with shrubs, subject to higher tailings
deposition primarily during heavy rainfall seasons.

From each site category, soil samples for the chemical
properties analysis were collected from each sampling site in
triplicate. Three 20 x 20 m plots were established to mark the
sampling locations, and from each plot, five 1-kg soil
subsamples were collected from a depth of up to 20 cm at five
points within the plot, namely the four corners and the center
[34]. The total subsamples from each plot were then combined,
and a composite soil sample was created for laboratory
analysis by taking 1 kg of soil from the mixture. To better
represent the variation of the site, soil samples from the new
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mine and old mine were each collected from three different
amalgamation facilities, three plots each, and then composited
into three samples. Additionally, an undisturbed soil sample
was collected from each plot using a ring sampler (48 mm
diameter, 54 mm height) to measure soil bulk density. Ground-
dwelling invertebrates are used as the biological indicator [35,
36] and were sampled using the pitfall trap method with four
replicates per site type plot (six for forest), spaced at least 5 m
apart. A transparent plastic cup (8 cm diameter, 12 cm depth)
buried flush with the soil contained 50 mL of a freshly



prepared alcohol-glycerin solution (9:1 v/v, 70% ethanol and
pure glycerin) acting as a killing agent, fixative, and
preservative. An elevated plastic plate (10 cm diameter, 5 cm
above the opening) protected each trap from rain dilution.
Traps were collected after 72 to 96 hours. Because pitfall
trapping primarily measures surface activity density,
ecological interpretations are strictly restricted to ground-
active invertebrates rather than endogeic or full soil mesofauna
communities. Water samples for the mercury content analysis
were collected from the tailings pond as the water inlet and
from the river as the water outlet of the tailings dump. The
samples were preserved with nitric acid and stored in a 1500
mL water sample bottle.

Mercury (Hg) concentrations in water and soil samples were
determined using Cold Vapor Atomic Absorption
Spectroscopy (CV-AAS) at 253.7 nm. Water analysis was
conducted at the Fisheries Laboratory, Hasanuddin University,
following SNI 6989.78:2019 standards; calibration curves and
instrumental quality control were established using CRM
Merck Certipur® (Product Code 1.70226.0100) and CRM
ERA 514 (Mercury in Water). Soil Hg analysis was conducted
at the Soil Laboratory of the Agricultural Assembly and
Modernization Agency, Agriculture Ministry, and performed
via acid digestion (HNOs-HCI) in accordance with US EPA
Method 7471B/SNI  8911:2020. Method validation and
digestion efficiency for the soil matrix were verified using
CRM NIST SRM 2710a (Montana Soil), with an acceptable
recovery percentage targeted within 90%—110%.

To evaluate the downstream migration of contaminants,
water samples were collected across a broad spatial and
hydrological gradient covering six primary nodes: (1) active
ore-processing complexes at the new mine and (2) old mine
(representing direct facility inputs); (3) the waterlogged
swamp and (4) the depositional zone (representing immediate
tailing accumulation areas); (5) the semi-cultivated field
(representing distal downstream areas subject to periodic
seasonal inundation); and (6) the main river outlet at the
downstream point (representing the final drainage vector). At
each of these six points, sampling was performed in triplicate
(n = 3) to ensure analytical reliability. For toxicological and
regulatory standardization, the analytical results reported in
parts per million (ppm) for water were converted to milligrams
per liter (mg/L) using the direct density equivalence formula
for dilute aqueous solutions, where 1 ppm = 1 mg/L.

2.3 Data analysis

The composite soil samples were taken to a certified
laboratory for soil chemistry analysis on selected parameters
(pH, organic carbon, total nitrogen, available phosphorus,
available potassium, and cation exchange capacity (CEC)).
The undisturbed soil samples were analyzed for soil bulk
density. The water samples were analyzed for mercury content
and pH level. The results were then analyzed using Analysis
of Variance (ANOVA) and Tukey’s HSD to determine the
differences between the results. Collected specimens of
ground-active invertebrates were rinsed with distilled water
and preserved in 70% ethanol for laboratory processing.
Taxonomic resolution was carried out systematically to the
level of Order and Family using standard identification keys
for tropical soil macro- and micro-invertebrates.
Morphospecies codes based on distinct diagnostic features
were assigned within each family to calculate species richness
and total abundance. The diversity of ground-dwelling
invertebrates was then calculated using the SPADE program.

3. RESULTS AND DISCUSSION
3.1 Soil chemical and physical properties

The observed soil nutrient levels on Obi Island exhibited
distinct patterns across the different site types (Table 2). The
organic C content ranged from 0.90% (very low) in the forest
to 2.41% (medium) in the depositional zone. Organic C is a
reserve of nitrogen and other nutrients required by plants [37].
The decrease in organic C content can be caused by the
influence of topography [38]. Forest soil had the lowest carbon
content, potentially because of its location; i.e., higher
elevation, fairly large slope, and most of its area has
experienced changes into semi-cultivated fields, which can
result in erosion, lowering the carbon content. According to
Singh and Benbi [39], upland areas that experience erosion
have significantly less organic C than soils in sedimented
areas. The very low level of organic C, which is unexpected
for a forest ecosystem undergoing secondary succession, also
suggests potential underlying factors, such as degradation
from past disturbances, inherent soil properties of the region
that limit carbon accumulation, or the specific age and
composition of the forest.

Table 2. Soil chemical properties in artisanal and small-scale gold mining (ASGM) of Obi Island, specifically in forest (F), semi-
cultivated field (SF), depositional zone (DZ), swamp (S), new mine (NM), and old mine (OM) site types

Soil Chemical Properties

Site Total Available K CEC

Type (%) Rating N (%) Rating P20s (ppm) Rating (cmol/kg) Rating (m;/)lOO Rating pH  Rating
F 0.90° \]’(fvrvy 0.10°  Low 8 \I/:Vrvy 0.16° Low 20.52*  Medium 5.15%  Acid
SF 1.84b Low 0.132 Low 10.80% Low 0.20? Low 2423  Medium 6.80> Neutral
DZ  2.41° Medium  0.23° Medium 18.84¢d Low 0.37° Medium  25.14° High  7.77°° Neutral
S 2.40° Medium  0.20% Low 20.58¢ Low 0.34° Medium  25.50° High  7.52' Neutral
NM  2.05* Medium 0.16% Low 12.532 Low 0.16 Low 22.822%  Medium 7.03" Neutral
OM 222 Medium 0.21** Medium 14.58b¢ Low 0.222 Low 24.71°  Medium 7.29*¢ Neutral

Note: Assessment ratings are based on the Soil Chemical Properties Assessment Criteria [40]. Different superscript letters indicate significant differences
determined by ANOVA followed by Tukey's HSD post-hoc test (p < 0.05) for each parameter. CEC: Cation exchange capacity.

Specifically, the semi-cultivated field showed a low organic
C level of 1.84%, while the new and old mines exhibited
medium levels at 2.05% and 2.22%, respectively (Table 2),
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aligning with the findings that mining disturbances generally
lead to topsoil organic matter depletion [41].
The depositional zone and swamp exhibited medium levels



of organic C (2.41% and 2.40%, respectively), likely reflecting
the accumulation of organic matter in these environments.
Waterlogged conditions in swamps and depositional zones can
slow down the decomposition of organic material, leading to
higher carbon content. Wetlands, in particular, are known for
their capacity to accumulate significant amounts of organic
matter.

The forest, semi-cultivated field, new mine, and swamp site
types showed low total N content, whereas the depositional
zone and old mine had medium N levels. Nitrogen fertilization
may be necessary to improve soil fertility and crop yield [42],
especially in semi-cultivated fields and new mines, which will
be used for agriculture in the future. The low total N (0.10%)
in the forest was consistent with the potential for naturally
nutrient-poor tropical soils, where leaching and rapid nutrient
cycling can result in low overall availability. The low level of
total N (0.13%) in the semi-cultivated field might be a result
of nutrient uptake by cultivated crops and potential losses
through leaching or volatilization associated with agricultural
practices. The medium level of total N in the depositional zone
(0.23%) and the swamp (0.20%) could be attributed to
biological nitrogen fixation processes that often occur in such
environments or reduced nitrogen losses through leaching due
to water saturation. The low to medium levels of total N
(0.16% and 0.21%, respectively) in the mining areas also align
with the general pattern of nitrogen depletion observed in
mined sites.

Available phosphorus (P20s) was very low to low across all
site types (Table 2). The availability of phosphate is influenced
by pH and the decomposition of organic matter [43]. The low
content of P2Os can be overcome by providing P-Os fertilizer.
Although absorbed in small amounts by plants, the use of
phosphate fertilizers is often carried out using high doses due
to the low efficiency of phosphate fertilizers [44].

The very low P2Os (8 ppm) in the forest, along with that of
total N, also reflects the inherently nutrient-deficient tropical
soils, where leaching and fast nutrient cycling can lead to
diminished overall availability. However, the low levels of
P05 in both the depositional zone and swamp (18.84 ppm and
20.58 ppm, respectively) indicate that even with higher
organic matter content, the availability of phosphorus remains
limited, which is a common characteristic of many tropical
soils. The low levels of P-Os in both the new mine (12.53 ppm)
and old mine (14.58 ppm) suggest that, on Obi Island, mining
activities do not necessarily result in an increase in phosphorus
availability, which contrasts with the findings of one
Indonesian study that reported higher phosphorus levels in
ASGM soils [45]. The low level of P-Os (10.80 ppm) in the
semi-cultivated field aligns with the general trend of low
phosphorus availability in tropical soils, suggesting that casual
farming activities alone were not sufficient to significantly
enhance phosphorus levels.

Potassium (K) is an essential macronutrient for plants,
playing a vital role in various physiological processes,
including photosynthesis, osmotic regulation, and nutrient
transport [46], in addition to the maintenance of overall
ecosystem health. Forest, semi-cultivated field, new mine, and
old mine exhibited low K values, while the depositional zone
and swamp types showed medium K values. To address
potassium deficiencies in soils, the application of potassium
chloride (KCI), potassium nitrate (KNO3), and NPK fertilizers
is a common agricultural practice.

The lower potassium levels observed in ASGM on Obi
Island, including forest and semi-cultivated fields near the
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mining area, could be attributed to the physical removal of the
topsoil layer, which is typically enriched in potassium and
organic matter, during the gold extraction process. This aligns
with findings from other tropical regions, such as Ghana,
where small-scale mining has been shown to reduce potassium
levels in soils [47]. In contrast, the medium potassium levels
in the swamp and depositional zone suggest that specific
environmental factors in these locations might enhance
potassium  availability. The swamp environment,
characterized by waterlogged conditions and the accumulation
of organic matter, could experience the release of potassium
as this organic matter decomposes [48]. Similarly, the
depositional zone area, potentially receiving nutrient-rich
runoff from higher elevations, might benefit from an
additional supply of potassium. Considering the geological
context of Obi Island, which comprises Mesozoic ultramafic
and metamorphic rocks overlain by Tertiary volcanic and
sedimentary rocks [49], the inherent potassium content of
these parent materials could also play a role in the observed
levels, although the provided data does not offer specific
details on the potassium content of the underlying geology.
The variations in potassium levels across different mining sites
on Obi Island underscore the importance of considering site-
specific characteristics, including site type history,
topography, and local environmental conditions, when
assessing the impact of ASGM on soil nutrients.

CEC values were relatively high across all site types,
ranging from medium (20.52-24.71 me/100 g) to high (25.14—
25.50 me/100 g). This suggests a generally good nutrient
retention capacity. CEC is important for soil fertility and plant
health because it describes the amount of cations that can be
exchanged between the soil and the surrounding solution, the
amount of which is influenced by the mineral composition,
organic matter content, and soil pH [46]. CEC values that were
not much different in former mining areas compared with
other areas were also found by Amri et al. [45]. The slightly
lower CEC value of forested land may be influenced by soil
pH and organic matter, which were lower than in the other site
types. The range of CEC from medium to high in the ASGM
in Obi Island presents an interesting comparison with the
literature. While many studies report a decrease in CEC in
mining areas due to loss of organic matter and clay [41]. The
medium to high values on Obi Island suggest a potentially
different scenario. The forest, semi-cultivated field, new mine,
and old mine area all exhibited medium CEC, while the swamp
and depositional zone areas show high CEC. These relatively
higher values, especially in the swamp and depositional zone,
might indicate a higher inherent capacity of these soils to
retain nutrients, possibly due to elevated organic matter
content, particularly in the swamp, or the presence of specific
clay minerals. This contrasts with findings from areas like
Cote d'Tvoire and West Sumbawa, Indonesia, where artisanal
mining led to lower CEC values [50]. The high CEC value in
the swamp and depositional zone on Obi Island could have
implications for the retention of both nutrients and
contaminants in these environments.

The pH levels ranged from acidic in the forest (5.15) to
neutral in the mining-affected areas (6.80-7.77). This is
noteworthy as the literature reports both acidification and
alkalization in mining areas [51]. The neutral pH observed in
the semi-cultivated field, new and old mine, swamp, and
depositional zone areas differed from the findings in Burkina
Faso, where gold mining resulted in more acidic soils [52].
However, the higher pH of ASGM in Obi Island aligns with



the finding of Shrestha and Lal [53] that stated mining
activities or land use changes are increasing soil pH,
potentially due to the exposure of base-rich subsoil. The acidic
pH in the forest, which serves as a control site, might represent
the natural soil condition of the area, possibly influenced by
factors like high rainfall leading to leaching of basic cations
[54]. The predominantly neutral pH in the mining areas on Obi
Island is interesting, especially given that acid mine drainage
is a common concern in gold mining regions. This could
suggest a lack of significant sulfide mineralization in the
mined areas of Obi Island or the presence of natural buffering
capacities within the soil [52].

F SF Dz S NM oM

Site type
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Figure 2. Soil C/N ratio across different site types in an
ASGM area of Obi Island (forest (F), semi-cultivated field
(SF), depositional zone (DZ), swamp (S), new mine (NM),

and old mine (OM))

Notes: ASGM: Artisanal and small-scale gold mining. Bars represent the
mean values, and error bars indicate the standard deviation (SD) (n =3
composite samples per site type). Different lowercase letters above the bars
indicate statistically significant differences determined by ANOVA followed
by Tukey's HSD post-hoc test (p < 0.05).
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Site Type
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Figure 3. Soil organic matter (SOM, %) contents across the
site types gradient (forest (F), semi-cultivated field (SF),
depositional zone (DZ), swamp (S), new mine (NM), and old
mine (OM)) in an ASGM in Obi Island
Note: ASGM: Artisanal and small-scale gold mining. Bars represent the
mean values, and error bars indicate the standard deviation (SD) (n = 3).

Different lowercase letters above the bars denote significant differences (p <
0.05) based on Tukey's HSD test.

The C/N ratios observed in this study (ranging from 9.33 to
14.33) present a complex picture when compared to existing
literature on ASGM-affected soils (Figure 2). Some research
indicates that gold mining areas tend to exhibit higher C/N
ratios compared to agricultural lands [55]. This contrasts with
the finding in the current study, where the semi-cultivated
field, representing agricultural land use, displayed the highest
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C/N ratio. However, other studies on reclaimed mining soils
have reported highly variable C/N ratios, ranging from 9.31 to
as high as 115.56 [56], suggesting that mining activities can
indeed significantly alter this ratio depending on various
factors such as the age of the mine, reclamation efforts, and
surrounding vegetation. The C/N ratio is a critical factor
influencing SOM mineralization and microbial activity within
mining ecosystems [57], and the variability observed across
different studies highlights the site-specific nature of ASGM
impacts on soil biogeochemistry. The specific mining
techniques employed on Obi Island, which may differ from
those in other studied regions, along with the duration of
mining activity at different sites and the characteristics of the
recovering vegetation, could all contribute to the observed C/N
patterns.

The observed variations in SOM content (%) across the
different site types on Obi Island align with the general
understanding of ASGM impacts on soil (Figure 3). Existing
literature indicates that mining activities typically lead to a loss
of soil nutrients, including organic matter [41]. This is
consistent with the lower SOM observed in the new and old
mines and the forest in this study. Furthermore, deforestation
associated with ASGM can exacerbate soil mobilization and
erosion, potentially leading to further SOM loss in affected
landscapes [58]. The specific context of Obi Island, including
the scale and methods of ASGM, the type of vegetation, and
the climate, likely contributes to the specific SOM patterns
observed.

The significantly lower SOM content (1.56%) in the forest
compared with the other site types is a striking finding that
contrasts with the general expectation that forest soils typically
have higher SOM than agricultural lands. Forest soils, in
general, tend to accumulate organic matter from litterfall and
root turnover [59]. The unusually low SOM in the forest on
Obi Island strongly suggests a significant impact from the
surrounding ASGM activities. Deforestation associated with
mining can increase soil mobility and erosion [58], potentially
leading to the loss of topsoil rich in organic matter from the
forest. Additionally, mining activities can result in the
destruction of plant cover [50], which would reduce the input
of organic matter to the soil, even in adjacent forest areas. It is
also possible that the forest on Obi Island is still in a relatively
early successional stage following past disturbances, and
sufficient time has not yet elapsed for substantial organic
matter accumulation in the soil. Further investigation into the
history and current state of the forest, including the dominant
vegetation types and the extent of any indirect impacts from
mining, would be beneficial to fully understand this
observation.

The high SOM content observed in the swamp (4.14%) and
depositional zone (4.15%), with no significant difference
between them, is consistent with the ecological characteristics
of these types of environments. Wetland ecosystems like
swamps are known to accumulate high levels of organic matter
due to the slow rates of decomposition under waterlogged and
anaerobic conditions [60]. The limited oxygen availability in
saturated soils hinders the activity of decomposer
microorganisms, leading to the buildup of undecomposed and
partially decomposed organic material. Similarly, the
depositional zone, which was located in topographic
depressions, can receive runoff and sediments from upslope,
which may contain significant amounts of organic matter,
leading to its accumulation in these lower-lying areas. The
hydrological conditions in both the swamp and depositional



zone on Obi Island likely play a crucial role in the preservation
of organic matter. Furthermore, it is plausible that these lands
act as sinks for organic matter eroded from other parts of the
landscape affected by mining, contributing to their higher
SOM content.

The intermediate SOM content observed in the semi-
cultivated field (3.17%), new mine (3.53%), and old mine
(3.82%) areas likely reflects a balance between disturbance or
management practices and processes of organic matter
accumulation or loss. In the semi-cultivated field, agricultural
practices such as the addition of organic fertilizers or compost
can contribute to SOM, while cultivation and harvesting might
lead to its loss or decomposition. The SOM content in the new
mine is expected to be relatively low due to the removal of
topsoil and vegetation during mining activities [55]. However,
the slightly higher SOM in the old mine compared to the new
mine suggests a degree of natural recovery over time. Natural
revegetation, the accumulation of litterfall, and the gradual
development of soil microbial communities can contribute to
the increase in SOM in abandoned mining areas. The fact that
the SOM in the mining areas is lower than in the swamp and
depositional zone, but not necessarily lower than in the semi-
cultivated field, indicates that while mining has a negative
impact on SOM, other land use practices and environmental
factors also play a significant role in shaping SOM content
across the landscape.
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Figure 4. Soil bulk density of forest (F), semi-cultivated field
(SF), depositional zone (DZ), swamp (S), new mine (NM),
and old mine (OM) in an ASGM in Obi Island

Note: ASGM: Artisanal and small-scale gold mining. Bars represent the
mean values, and error bars indicate the standard deviation (SD) (n=3
composite samples per site type). Different lowercase letters above the bars
indicate statistically significant differences determined by ANOVA followed
by Tukey's HSD post-hoc test (p < 0.05).

The soil bulk density values provided for the mining areas
on Obi Island (old mine 0.81 g/cc and new mine 0.74 g/cc)
were notably lower than the range of values reported in several
Indonesian studies for areas affected by ASGM, which
typically fall between 1.36 and 1.9 g/cc (Figure 4) [61]. This
difference suggests that the dominant impact of mining
activities on Obi Island, at least in the sampled locations,
might be a loosening of the soil structure rather than
significant compaction. This could be attributed to the specific
techniques employed in ASGM on the island, potentially
involving manual excavation and the removal of denser
subsoil materials, leaving behind a less compact surface layer.

The bulk density measured in the forest on Obi Island (0.75
g/cc) was also lower than the generalized value of
approximately 1.4 g/cm? often associated with forest soils due
to their high organic matter content and macroporosity [62]. It
was also lower than the bulk density of 1.21 g/cm? reported for
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a control forest site in a Nigerian study [63]. This relatively
low bulk density in the Obi Island Forest might indicate a less
developed soil profile, a lower clay content, or a different type
of forest ecosystem compared to those represented in the
literature.

The bulk density values for the depositional zone (0.75 g/cc)
and semi-cultivated fields (0.73 g/cc) on Obi Island were also
relatively low when compared to the bulk density of 1.2 g/cm?
found in a control agricultural area in an Indonesian study [55].
However, these values were closer to the bulk density of 0.59
g/cm? reported for a Franklin Garden that had a history of
compost addition [64]. This comparison suggests that the
depositional zone and semi-cultivated field soils on Obi Island
might have a higher organic matter content or be less
compacted than typical agricultural soils in other regions.

The soil bulk density for the swamp area (1.41 g/cc) falls
within the range reported for some waterlogged salt marsh
soils, where bulk density exceeding 1.6 g/cm? is considered
limiting for root growth [65]. It was higher than the values
observed in the semi-cultivated fields and the forest on Obi
Island, but lower than the high bulk density reported in some
mining areas. The interpretation of this value requires
consideration of the specific characteristics of the swamp
environment on Obi Island, including its organic matter
content, water saturation levels, and potential sediment inputs
from nearby mining activities.

3.2 Mercury contamination

3.2.1 Soil mercury contamination

The present study on Obi Island, North Maluku, revealed a
significant variation in mercury concentrations across
different site types affected by ASGM (Figure 5). The lowest
mercury concentration was observed in the forest soil, with a
level of 0.18 mg/L. Significantly higher concentrations were
found in the semi-cultivated field, depositional zone, swamp,
new mine, and old mine area, with values of 13.20 mg/L, 15.28
mg/L, 18.35 mg/L, 18.37 mg/L, and 16.13 mg/L, respectively.
This statistically significant variation underscores the impact
of ASGM activities on soil mercury levels in the affected
areas, with the relatively undisturbed forest exhibiting baseline
levels while areas directly or indirectly involved in mining
showing substantial enrichment. This finding also clearly
demonstrates significant mercury contamination in the soil of
most areas in and near the ASGM of Obi Island associated
with mining activities, likely from gold amalgamation
processes.

The mercury concentrations identified in the contaminated
site types on Obi Island (13.20 mg/L to 18.37 mg/L) were
generally lower than the most extreme levels documented in
other Indonesian ASGM regions such as Bombana (up to 2500
mg/L) [21], Pangkep (up to 223.47 mg/L) [66], parts of West
Lombok (up to 8363.64 mg/L) [67], and Buru Island (up to
825 mg/L) [68]. However, these levels on Obi Island were
significantly elevated when compared to the background
concentration observed in the forest (0.18 mg/L) and fall
within the range reported in areas like Sukabumi (27.28 ppm)
[69] and Kulon Progo (0.30 to 22.51 mg/mL) [70]. The
relatively lower mercury levels on Obi Island might be
attributable to a combination of factors, including the scale and
duration of mining operations, the specific gold extraction
techniques employed, the geological characteristics of the ore
deposits in the area, or potentially more effective (though still
likely inadequate) waste management practices compared to



the most heavily contaminated sites documented in the

literature.
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Figure 5. Soil mercury content of a forest (F), semi-
cultivated field (SF), depositional zone (DZ), swamp (S),
new mine (NM), and old mine (OM) in an ASGM in Obi

Island
Note: ASGM: Artisanal and small-scale gold mining. Bars represent the
mean values, and error bars denote the Standard Deviation (SD) (n = 3).
Values are determined via acid-digestion CV-AAS. Distinct lowercase

letters indicate significant differences between site types according to
Tukey’s HSD test (p < 0.05).

3.2.2 Mercury contamination in water bodies

There were elevated levels of mercury found in water (Table
3), particularly in the depositional zone and the old mine. The
presence of old and new mines suggests a direct link between
mining activities and mercury contamination. The lower
mercury levels in the downstream area might indicate that the
contamination is being diluted or dispersed as it moves
downstream. Related to variability in mercury concentrations,
the data show a significant variation in mercury levels across
different locations, highlighting the uneven distribution of the
pollutant.

Table 3. Mercury contamination and pH level of the water
body near artisanal and small-scale gold mining (ASGM) in

Obi Island
Site Type Hg (mg/L) pH
New mine 0.020 8.0
Old mine 0.028 8.5
Swamp 0.089 8.3
Depositional zone 0.063 10
Semi-cultivated field 0.012 7.2
Downstream 0.011 7.1

The results of mercury concentration measurements in
surface water have an average range of <0.001-0.002 mg/L,
while the mercury concentration in water at a depth of 5 meters
ranges from <0.001-0.012 mg/L [71]. High mercury levels in
water and soil can pose serious risks to both human health and
the environment. Mercury can contaminate water sources,
enter the food chain through plants and animals, and cause
adverse health effects. Mercury can disrupt ecosystem
functions, harm biodiversity, and reduce soil fertility. If the
contaminated soil is used for agriculture or gardening, it can
pose a direct health risk to local communities through the
consumption of contaminated food.

3.3 Ground-dwelling invertebrates

Soil fauna diversity is widely recognized as a useful
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indicator of habitat quality and ecological recovery in
disturbed ecosystems [72, 73]. The data showed that the forest
that has not experienced gold mining activities has the highest
mesofauna species richness (55 species), but the value was
only slightly different from both mining locations, both new
and old mines (54 species; Figure 6). However, differences
were found in the number of orders and families in the three
locations, where forests and old mines have similar numbers
of orders and families (17 orders and 37 families in forests, 18
orders and 39 families in old mines), while new mines have
relatively fewer orders and families, namely 12 orders and 33
families. In this case, the mesofauna in the old mine may have
undergone succession over time, so it will be similar to the
initial condition, which is assumed to be similar to forest
conditions, as commonly observed in post-mining restoration
ecosystems [74, 75]. Meanwhile, mesofauna in the new mines
was still disturbed and had not adapted to mining activities, so
its diversity was still in a lower position than in forests and old
mines. Not significantly different between forest and mining
might be due to the type of mining that uses a closed mining
system. ASGM mining uses tunnel excavations to extract
mining materials, so that there are no significant changes in
the top horizon of the soil.

The three locations affected by tailings waste, namely semi-
cultivated fields, swamps, and depositional zones, have taxa
richness equivalent to a range of 40—42 species, 2630
families, and 12—15 orders. The species richness of the three
locations was relatively much lower compared to the taxon
richness of forests and mines. This is an indication that
although the location where the tailings waste is dumped has
experienced a decline in quality as a mesofauna habitat, this
location can still be inhabited by mesofauna with relatively
high diversity.
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Figure 6. Taxonomic composition of ground-dwelling
invertebrate communities in a forest (F), semi-cultivated field
(SF), depositional zone (DZ), swamp (S), new mine (NM),
and old mine (OM) in an ASGM in Obi Island, showing the
total number of identified Orders, Families, and

morphospecies across six site types
Notes: ASGM: Artisanal and small-scale gold mining. Data were obtained
from synchronized pitfall trapping (n = 4 replicate traps per site type plot; n
= 6 for forest), calculated using the SPADE program.

To fully characterize structural shifts within the ground-
dwelling invertebrate communities, multiple alpha diversity
metrics were calculated using the SPADE program (Table 4).
The pristine forest (F) exhibited the highest ecosystem
complexity and evenness, supported by the highest Shannon-
Wiener index (H' = 3.62) and a remarkably low Simpson
dominance index (D = 0.04). In contrast, the lowest diversity



levels and highest dominance indices were recorded in heavy-
tailing accumulation sinks, specifically the depositional zone
(DZ; H' = 2.45, D = 0.18) and the waterlogged swamp (S; H'
= 2.61, D = 0.14), signaling severe habitat stress that
constrains invertebrate viability to a few resilient taxa.

Table 4. Diversity indices of ground-dwelling invertebrate
communities across different site types

Species Chaol Shannon-  Simpson
Site Type Richness Index Wiener Index
S) Index (H") (D)
Forest (F) 55 552 3.62 0.04
Semi-
cultivated 40 41.5 2.94 0.08
Field (SF)
Swamp (S) 40 42.1 2.61 0.14
Depositional
Zone (DZ) 42 43.8 2.45 0.18
New Mine
54 54.8 2.88 0.12
(NM)
Old Mine
(OM) 54 54.5 3.24 0.06

Interestingly, while estimated species richness (Chaol)
remained high in active mining environments due to the influx
of disturbance-tolerant edge species, the Shannon index
revealed a clear successional gradient between the mining
sites. The stabilized old mine (OM; H' = 3.24, D = 0.06)
displayed higher diversity and lower community dominance
compared to the new mine (NM; H' = 2.88, D = 0.12). This
divergence verifies that long-term soil stabilization and
organic matter recovery in older operational zones allow a
more balanced and diverse macroinvertebrate assemblage to
re-establish over time.

Spatial analysis revealed distinct shifts in invertebrate

taxonomic composition across site types zones (Table Al).
The complete checklist of family-level abundance and
morphospecies richness per site is provided in Table Al. The
entire community was characterized by a severe hyper-
dominance of formicidae (Hymenoptera), accounting for
nearly 48% of total captured individuals (1,091 individuals
across 113 morphospecies). This dominance peaked in the
high-disturbance new mine (NM) zone, where ants comprised
over 70% of the local assemblage.

Downstream tailing transport pathways caused marked
structural compressions. The depositional zone (DZ) recorded
the lowest abundance (171 individuals), where sensitive forest
decomposers were replaced by resilient generalists like

crickets  (Gryllidae) and earwigs (Anisolabididae).
Conversely, the waterlogged swamp (S) favored springtails
(Collembola:  Entomobryidae) and ground  spiders

(Gnaphosidae). Signs of multi-trophic recovery emerged in the
stabilized old mine (OM) with a re-establishment of litter
decomposers (Entomobryidae). Meanwhile, the semi-
cultivated field (SF) exhibited an ecotone effect, accumulating
the highest abundance (513 individuals) and richness (113
species) due to its mosaic gradient (Table Al).

To determine whether these spatial variations resulted in
distinct community shifts, a pairwise similarity index was
calculated across all habitats (Table 5). In general, the
similarity of  ground-dwelling invertebrate  species
composition remained at an intermediate level, with an
average pairwise similarity of 0.470 and a community
Morisita-Horn index of 0.377. The high similarity index
between the forest and the new mine (0.60) reflects an acute
transitional shift, where forest generalists temporarily persist
in the newly cleared margins before specialized taxa are
extirpated. Conversely, the divergence between old mine and
new mine (0.39) proves a unidirectional successional recovery
path as the older operational habitat stabilizes.

Table 5. Similarity of ground-dwelling invertebrate composition in various habitats

Site Type Forest Semi-Cultivated Field Swamp Depositional Zone New Mine Old Mine
Forest 0.42 0.49 0.49 0.60 0.48
Semi-cultivated field 0.49 0.48 0.47 0.43
Swamp 0.51 0.36 0.50
Depositional zone 0.49 0.45
New mine 0.39
Old mine

To properly interpret the ecological impacts of ASGM on
the biotic community, a careful distinction must be made
between absolute taxonomic richness, compositional
similarity, and the trajectory of successional recovery. The
data reveal that while the forest and the new mine share the
highest pairwise compositional similarity index (0.60; Table
5), this does not imply that the active mining site is
undisturbed or ecologically stable. Rather, this high similarity
indicates an acute "compositional shift" or immediate
successional transition. When a pristine forest canopy is
cleared for new mining operations, opportunistic and highly
mobile surface-active species from the surrounding forest
temporarily persist or invade the open area, creating high
species turnover, but a mathematically high overlap index
relative to the forest baseline before specialized forest taxa are
completely extirpated. Conversely, the Old Mine, which has
been operational since 1999, demonstrates a distinct pathway
of long-term successional recovery. The old mine exhibits low
compositional similarity to the new mine (0.39; Table 4),
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proving that as mining sites age, their micro-habitats diverge
completely from active processing complexes. Over time, the
structural recovery of SOM (3.82%; Figure 3) and stabilization
of neutral pH (7.29; Table 2) in the Old Mine allowed a
secondary succession of specialized, stable invertebrate
families to re-colonize the area. This structural shift causes the
community composition to move unidirectionally away from
both the heavily disturbed New Mine and the initial baseline
composition of the Forest. Therefore, while the New Mine
retains high richness due to temporary influxes of edge-
tolerant forest generalists, the Old Mine represents a more
advanced, albeit altered, functional ecosystem recovery status.

3.3 Practical implications for land use and risk-based
planning

The results of the study indicate that the physical and
chemical characteristics of the soil in various locations of
former ASGM activities were in suboptimal conditions to



support agricultural activities. However, several low soil
chemical parameters can be improved through agronomic
interventions, especially through the application of
appropriate fertilizers, to optimize the agricultural potential of
the land.

In terms of ground-dwelling invertebrate biodiversity, no
significant differences were found between forested land and
former ASGM land. The abundance and biodiversity of
mesofauna showed relatively similar levels in both types of
land. This indicates that, from a biotic and soil chemical
perspective, former mining areas still have the potential to be
developed into agricultural land, as long as appropriate
management is carried out.

However, one of the crucial findings of this study is the
strong indication of mercury contamination in former ASGM
land, due to the use of this heavy metal in the gold extraction
process. Mercury-contaminated soil, if used as agricultural
land, might cause plants to absorb the heavy metal. For
example, research by Tang et al. [76] showed mercury
accumulation in rice plants planted on contaminated soil.
Nevertheless, the research results by Santoso and Wahyudi
[77] indicate that not all plants cultivated in ex-mining land
show mercury content that exceeds the safe threshold. In
addition, Moreno et al. [78] also reported that mercury is not
ecasily absorbed by plants in most contaminated soils or mine
tailings. The variability of a plant's ability to accumulate
mercury highly depends on plant species and environmental
conditions, including soil and atmospheric characteristics [79,
80]. The level of contamination in food crops is determined by
the interaction between the physiological ability of the plant
and the level of contamination of the surrounding soil/water.

Former mining areas in Indonesia, in several regions, are
mainly used as agricultural land and for several other land
uses. Former gold mining land is used as rice fields [81-83],
the community even wants former mining land to be used as
agricultural land, fish farming, reservoirs, and tourist
attractions [84], and several former mining areas are
considered to have the potential as land for fish farming,
agriculture, and plantations [85]. This shows that there is a
request and effort by the community to utilize post-mining
land productively. Public environmental awareness,
particularly farmers' concern and awareness of the need for
caution in using ex-mining land, is likely to increase if soil
pollution becomes a serious problem [86].

At the study site, both new and old mining areas are located
on hillsides above the disposal zone and adjacent swamps.
Consequently, surface runoff from the mining areas flows
downslope, with part of it accumulating in the disposal zone
and swamp. Sediment generated by erosion and residues from
amalgamation processes are also transported and deposited in
these lowland areas. Field observations showed that local
communities have cultivated parts of the disposal zone and
swamp by planting crops such as banana, guava, coconut,
nutmeg, and other economically valuable species.

Despite the increasing use of former ASGM land for
agricultural purposes, most previous studies have focused
primarily on changes in the physical and chemical properties
of the soil, whereas the implications of mercury contamination
for agricultural production and food safety remain relatively
understudied. Therefore, the conversion of former ASGM land
to agricultural use should be undertaken cautiously and
supported by comprehensive scientific assessments of
mercury contamination risks.

Although various methods for remediation of mercury-
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contaminated soil have been developed, such as thermal
desorption and phytoextraction, their application on a large
scale still faces obstacles, both in terms of economics and
environmental impacts. The available technologies generally
require high costs and a long time to achieve significant
results, so they cannot meet the needs of the community in the
short to medium term. As a result, conventional remediation
methods are less attractive to landowners because they are
economically inefficient. This comprehensive issue requires
the participation of the government, the polluting parties, and
third-party management companies to discover simple,
cheaper, and more efficient regulations and methods in the
future [87].

Given that total soil mercury concentrations reach critically
elevated levels of 13.20—-18.37 mg/L across several affected
zones, any immediate agricultural development or food crop
cultivation in these areas is highly premature and poses severe
ecotoxicological risks. These documented concentrations
vastly exceed international thresholds for agricultural soil
safety. Because direct crop mercury uptake and
bioaccumulation factors were not explicitly quantified in this
study, the immediate use of these lands for farming is strictly
discouraged. Instead of active production, these highly
contaminated sites must be restricted to non-food vegetation
baselines. Future follow-up work is strictly required to
establish safe land-use boundaries. This includes
comprehensive greenhouse and field trials to evaluate crop-
specific mercury uptake rates and bioaccumulation
coefficients, and to screen non-edible, heavy-metal-tolerant
hyperaccumulators. Until rigorous tissue-analysis protocols
confirm that heavy-metal translocation into edible plant parts
remains safely below permissible consumer limits,
agricultural planning on Obi Island must prioritize strict
zoning, risk-based exclusion, and targeted microbial or
organic pot-based bioreclamation to stabilize the soil matrix.

To bridge the gap between high contamination and long-
term land restoration, deploying targeted microbial
bioremediation strategies offers a viable pathway to accelerate
mercury stabilization. Given the adaptation of indigenous
microbiomes to high-stress island environments, isolating
local mercury-resistant bacteria (such as those possessing the
merA gene for volatilizing Hg?* into less toxic Hg?) or utilizing
arbuscular mycorrhizal fungi (AMF) to sequester heavy metals
within the root-rhizosphere boundary (phytostabilization) can
significantly mitigate downstream migration. Integrating these
specialized microbial inoculants into organic-pot technologies
or native non-food vegetative covers could physically and
biologically lock contaminants in place. Consequently,
piloting site-specific microbial-assisted remediation trials
stands as a critical, high-priority avenue for future follow-up
research to safely restore the ecological integrity of Obi
Island's degraded landscape.

4. CONCLUSIONS

This study demonstrates that ASGM activities and unsafe
tailings disposal on Obi Island have significantly altered the
local ecosystem. The empirical results show that the mining-
affected areas exhibit severe mercury contamination, with
total soil Hg concentrations reaching a maximum of 18.37
mg/L in active mining zones and surface water Hg reaching
0.089 mg/L in downstream swamps, in sharp contrast to the
background level of 0.18 mg/L in the pristine forest. In



addition to heavy metal loading, soil physicochemical
properties have been significantly altered by mining
disturbances, with localized increases in pH, available
phosphorus, and total nitrogen. Biological indicators also
reflect these habitat changes, with communities of ground-
dwelling invertebrates showing significant structural changes
and high species turnover between undisturbed forest and
tailings-affected sites. While these documented concentrations
of mercury in soil and water represent critical potential risks
to nearby residents, downstream fisheries, and agricultural
food chains, further direct exposure assessments are still
required. Overall, our results underscore the paramount
importance of site-specific, risk-based approaches for the
remediation and restoration of ecosystems and for mitigating
continued environmental degradation in this vulnerable small-
island environment.
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APPENDIX

Table Al. List of the main taxa of ground-dwelling invertebrates in each site type

New

Taxa (Order/Family) Forest Mine Old Mine  Swamp Depositional Semi-Cultivated Total Total
X 1y (F) (N'M) (OM) S) Zone (DZ) Field (SF) Indiv.  Spp.
Hymenoptera 309 324 145 83 45 185 1091 113
(Formicidae)
Collembola
(Entomobrydacidac) 11 4 62 73 16 111 277 25
Orthoptera (Gryllidae) 2 7 11 28 30 49 127 39
Dermaptera
(Anisolabididac) 37 10 19 32 7 15 120 29
Araneae (Gnaphosidae) 0 9 0 19 8 23 59 14
Araneae (Corinnidae) 5 9 3 10 2 22 51 24
Coleoptera
(Staphylinidac) 3 16 13 5 3 6 46 25
Coleoptera
(Curculionidae) 6 2 7 i 8 1 43 17

1622



Arancae (Araneidae) 0 8 0 2 0 18 28 4
Araneae (Ctenidae) 2 3 17 0 1 0 23 13
Other Taxa (Combined) 75 49 94 43 49 73 383 195
Grand Total (Indiv.) 450 461 384 304 171 513 2283 -
Grand Total (Species) 100 64 84 65 72 113 -- 498
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